Abstract. This paper investigates the effect of non-Newtonian material effect on the thermal stability of a reactive fluid flow through a channel saturated with porous medium by using Brinkman model. Approximate solution of the dimensionless nonlinear ordinary differential equation governing the fluid flow is obtained by using Adomian decomposition method together with special Hermite-Pad e approximant. Effects of various non-Newtonian fluid parameters on both the velocity and temperature fields are constructed and discussed.
Introduction
In recent times, studies on non-Newtonian fluids are on the increase due to its numerous applications in a number of engineering and industrial applications. For instance, it occurs during polymer extrusion, fuel processing in refineries, recovery of heavy oil by in-situ combustion and in petro-chemical products like lubricating grease. With these applications in mind, the classical Navier-Stokes equations cannot accurately describe the rheological behavior of these complex fluids. To this end, the third grade fluid model has been used to model the flow of non-Newtonian fluids undergoing strongly exothermic chemical reaction due to its ability to explain the shear thickening/thinning properties of these fluids.
Motivated by a recent study by Makinde [10] in which the flow of a reactive fluid through a channel filled with saturated porous medium was investigated, the specific objective of this work is to extend the result obtained in [10] to a wide range of non-Newtonian fluid which have many industrial and engineering applications especially in fluid flow undergoing exothermic chemical reactions. Several other applications could be found many geophysics, petrochemical industries during fractional distillation of combustible non-Newtonian fluids like crude oil at a very high temperature in refineries, heat transfer during recovery of heavy oil, bitumen, polymer extrusion etc. In all the above cases spontaneous heating (thermal ignition) of the fluid could occur giving out huge amount of heat that is dangerous to both lives and properties. The essence of thermal stability analysis is to introduce a control measure so as to improve safety of working environment and the quality of products in the petro-chemical industries.
The problem under discussion is nonlinear due to the presence of exponential temperature dependent internal heat generation arising from Arrhenius kinetics within the channel. Therefore, approximate solution will be obtained using the combination of Adomian decomposition method (see [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] ) together with Padé approximant to enhance the accuracy and the domain of convergence of the series solution. The rest of the paper consists of the following: in Section 2, the Mathematical analysis of the flow and the non-dimensionalization of the governing equation are presented. The dimensionless problem is solved in the Section 3. Results are presented and discussed in Section 4 while Section 5 concludes the paper.
Mathematical Analysis
Consider the steady flow of a viscous incompressible third grade fluid through infinite parallel isothermal plates of distance 2a apart. The channel is assumed to be saturated with porous material as shown in the geometry below. The channel walls are kept constant at temperature T a . Neglecting the reactant consumption, the equations governing the hydrodynamically and thermally developed flow can be written as [1, 10] .
Subject to the appropriate boundary conditions
where u ′ is the fluid velocity, P ′ is the fluid pressure, β 3 is the material coefficient, k the thermal conductivity, µ is the dynamic viscosity, γ is the dimensionless third grade material parameter, T is the fluid temperature, U is the characteristic velocity, T a the wall temperature Q the heat of reaction, A the rate constant, E the activation energy, R the universal gas constant, C 0 the initial concentration of the reactant species, a the channel width, y the distance measured in the normal direction and µ the fluid dynamic viscosity coefficient. Additional term in (2.1) and (2.2) is the third grade material effect due to [2] [3] [4] [5] [6] [7] [8] [9] . Introducing the following dimensionless parameters
we obtain the dimensionless equations with appropriate boundary conditions as follows
Where α viscous heating parameter, θ is the dimensionless temperature, u is the dimensionless velocity, M is the dimensionless pressure gradient, β 2 is the porous permeability parameter, Da is the Darcy parameter, K porous permeability, a is the half width of the channel, λ is the Frank-Kameneskii parameter and ε = 0 at extremely high temperature.
Method of Solution
To obtain the solution of (2.3)-(2.4), we first convert it to the integral form
If we assume a series solution in the form
Then by successive approximation, each term of the series can be obtained by using the recurrence relation. 
· · · together with (3.1)
The approximate solution are obtained by the partial sum
Invoking the convergence analysis in [14] , the iteration (3.1) and (3.2) is repeated until convergence is reached as presented in Table 1 .
Bifurcation Study
Taking advantage of the quadratic Shafer approximant, it is easy to construct the upper and the lower branches of the solution. Assuming the condition λ < λ c holds, by obtaining the first d − 1 derivative of θ(λ). Let d ∈ N and let the
be given. Then, given the (d + 1)-tuple polynomial
Then the Hermite-Padé polynomial is defined by
where d 1, i = 1, 2, 3 while the condition
ensure that the order of the series A iN (λ) increases with increase in i, d. Then the algebraic approximant defined by
gives the cubic Padé approximant which allows us to examine the solution branches. Assuming the condition λ > λ c holds, then a sufficient condition for the nonexistence of solution will be to determine the dominant behavior of the partial sum (4.1) such that the accuracy of the λ c will determine the accuracy of the solution.
It is well known that the dominant behavior of a solution of a linear ordinary differential equation can be written as
α ln |λ c − λ| for α = 0, 1, 2, . . .
As λ → λ c , where λ c is the critical point with critical exponent α and f is a constant. It then follows that the differential approximant can be obtained by setting
where the differential operator is defined by D := d dλ . Assuming an algebraic type, the exponent may be computed by using
The physical quantities of interest in this problem are the skin-friction parameter (C f ) and the Nusselt number (Nu) which are defined by Table 1 showing convergence for the velocity profile when m = 6, γ = 0. Table 2 shows that the thermal criticality values λ C decrease with increasing pressure gradient (M ) and Brinkman number (α) but increases with increasing non-Newtonian parameter (γ) and activation energy parameter (ε). This implies that thermal stability is enhanced with increasing γ and ε, while an increase in M and α may lead to early occurrence of thermal runaway in the flow field. Figure 2 shows the effect of the non-Newtonian parameter on the velocity profile, as observed from the plot an increase in the non-Newtonian material parameter has a decreasing effect on the velocity profile due to fluid thickening. Similarly, rise in the porous permeability parameter implies a decrease in the porous permeability of the channel.
Results and discussions
This eventually leads to decrease in the flow velocity as observed in Figure 3 . Moreover, Figure 4 depicts the variation of activation energy parameter with the temperature distribution within the channel. From the graph, it is observed that fluid temperature decreases with rise in the fluid activation energy parameter. This is due to the fact that activation energy of the fluid decreases with rise in fluid viscosity. In Figure 5 , fluid temperature is observed to increase with increase in the viscous heating parameter as a result of rise in the kinetic energy of the fluid. This is physically true since viscous dissipation is an additional heat source within the channel. A plot showing the effect of porous permeability on the fluid temperature is shown in Figure 6 . From the result, it is observed that rise in the porous permeability enhances rise in the fluid temperature. Physically, this is true due to decrease in the porous permeability of the channel. This means a reduced flow and more heat will be generated due to accumulation. While Figure 7 shows that the non-Newtonian material parameter is a decreasing function of temperature. In Figure 8 , it is observed that for small parameter values, an increase in the FrankKameneskii parameter leads to rise in the fluid temperature due to internal heat generation as a result of the exothermic chemical reactions. It is important to remark here that spontaneous heating of the fluid (thermal ignition) could occur if the rate at which heat is generated is greater than heat dissipation rate i.e., as the Frank-Kameneskii parameter becomes large.
Conclusion
In this paper, the reactive third grade fluid flow through a porous channel is studied by using rapidly convergent Adomian decomposition method together with special Hermite-Pade approximant. Convergence analysis is conducted and presented in Table 1 so as to justify the accuracy of the approximation made. The main contribution to knowledge in this paper are as follows:
(a) an increase in the non-Newtonian material parameter is decreases both the fluid flow velocity and temperature distribution within the flow channel. (b) an increase in the non-Newtonian material effect has destabilizing effect on the fluid flow.
